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0 Thermoplastic composite fasteners. 


<E) Methods and fasteners are provided for joining 
thermoplastic articles and for connecting a single 
thermoplastic article to a non-thermoplastic sub- 
strate, A first thermoplastic article (10) and a second 
themnoplastic article (12) can be placed against each 
other, and then localized adjacent portions of the 
articles are heated preferably with an ultrasonic iieat- 
ing device. A sharpened end (32) of a thermoplastic 
fastener (30) is driven through the heated areas (20, 
22) of the first themioplastic article (10) and the 
second thermoplastic article (12). Upon cooling of 

^the heated areas (20, 22) of the first thermoplastic 

particle and the second thermoplastic article, those 
articles are locked to the thermoplastic fastener (30) 

jjf^by fusion of the contacting surfaces of the articles 

a>dnd fastener. 
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THERMOPLASTIC COMPOSITE FASTENEftS 


Background Of The Invention 

't. Reid Of The Invention 

The Invention relates to thermoplastic fasteners 
for joining articles, and particularly to fiber rein- 
forced thermoplastic composite fasteners. 

2. Description Of The Prior Art 

The prior art includes a number of plastic fas- 
teners wliich are utilized in combination witli heat 
to join articles. Some of these fasteners include 
fiber reinforcing materials. 

For example, U. S. Patent No. 4,478,544 to 
Strand discloses a composite rivet having a ther- 
moset matrix with carbon fiber reinforcing. The 
rivet Is placed througli preformed holes in two 
sheets which are to be joined, and then an en- 
larged head is formed on the rivet by the applica- 
tion of heat and pressure. 

It is also known that plastic fasteners can be 
deformed through the use of ultrasonic heating 
devices, as shown in U. S. Patent No. 3,499,808 to 
Obeda. 

The art includes sharpened plastic fasteners 
such as staples, as seen in U. S. Patent No. 
4,281 ,785 to Brooks. The plastic staples of Brooks 
are not reinforced. The staples are driven through 
layers of fabric and then heated to join the two legs 
of the staple and hold the same in place. 

U. S. Patent No. 4,478,861 to Lewis discloses 
the use of thermoplastic thread or thermoplastic 
staples to join thermoplastic sheets. 

U. S. Patent No. 4,582,236 to Hirose discloses 
the use of synthetic resin tacks or staples which 
are driven through preformed holes in adjacent 
sheets of material and then heated to form rivet 
heads. 

In all of the examples discussed above, the 
fastener is either placed through a preformed ap- 
erture, or a sharpened fastener is driven through a 
relatively pliable material without the prior applica- 
tion of any heat. The methods described in the 
cited references are not suitable for joining articles 
where one of the articles is a thermoplastic article 
which does not have a preformed aperture for 
receiving the fastener iand which is of sufficient 
thickness and strength that a fastener cannot be 
readily driven therethrough. The. present Invention, 
however, provides methods and fasteners directed 
to just such a situation. 


Summary Of The invention 

The fastening of fiber reinforced composites for 
the aerospace industry requires, fasteners and fas- 

6 tening methods that provide light weight, high 
shear resistance and a low stress on the compos- 
ite. The instant invention provides a fiber reinforced 
rivet or nail and method of use that provides the 
desired charac teristics. Additionally, the rivet may 

.70 be locked in place by a fusion bond with the 
composite material. 

The method In one preferred embodiment in- 
cludes the steps of placing a first thermoplastic 
article against a second thermoplastic article, and 

15 then heating adjacent portions of the first and sec- 
ond articles. Then a sharpened end of a thermo- 
plastic fastener is driven through the heated areas 
of the first and second articles and the heated 
areas are then allowed to cool thus locking the 

20 fastener to the first and second articles. The semi- 
molten heated areas of the first and second articles 
fuse to the thermoplaistic fastener upon cooling of 
the heated areas, even if no additional heat is 
applied to the ends of the fastener to form an 

25 enlarged head or the like. The method can, how- 
ever, also include steps of subsequently heating 
the ends . of the fastener and forming enlarged 
heads thereon. 

The fastener itself is preferably a fiber re- 

30 inforced fastener which includes a, plurality of con- 
tinuous substantially parallel reinforcing filaments in 
a matrix of thermoplastic material defining an elon- 
gated shape sharpened at one end thereof. 

Numerous objects, features and advantages of 

35 the present invention will be readily apparent to 
those skilled in the art upon a reading of the 
following disclosure when taken in conjunction with 
the accompanying drawings. 


40 


Brief Description Of The Drawings 


FIGS. 1-5 represent a sequential series of 
steps illustrating the methods of the present inven- 
45 tion. 

FIG. 1 is a schematic sectioned elevation 
view of first and second fiber reinforced thermo- 
plastic sheets laid one upon the other. 

FIG. 2 shows an ultrasonic heating device 
50 placed against the upper one of the two sheets of 
FIG. 1 to form heated portions in the first and 
second thermoplastic sheets as shown in phantom 
lines. 
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In FIG. 3, a sharpened elongated rod of fiber 
reinforced thermoplastic material has been driven 
through the heated portions of the thermoplastic 
sheets. 

In FIG. 4, the rod has been severed a short 
distance above the upper sheet to define a severed 
fastener. 

In FIG. 5, the ends of the fastener of FIG, 4 
have, been heated and molded to form enlarged 
heads. 

FIG. 6 is a plan sectioned view tal<en along 
lines 6-6 of FIG. 3 showing the location of the 
fastener in the center of the circular heated por- 
tions. 

FIGS. 7 and 8 are similar to FIGS. 4 and 6 
and represent an alternative embodiment of the 
present invention. 

In FIG. 7. a thermoplastic nail or rivet with an 
enlarged head on one end and a sharpened point 
on the other end has been driven through the 
heated portions of the two thermoplastic sheets. 

In FIG 8. the sharpened lower end of the nail 
of FIG. 7 has been heated and formed into an 
enlarged head adjacent the lower sheet of thermo- 
plastic material. 

FIG. 9 shows another alternative embodi- 
ment of the present invention wherein a single 
layer of thermoplastic material has been connected 
to a non-thermoplastic underiying substrate. 

FIGS. 10 and 11 are similar to RGS. 4 and 5 
and represent another alternative embodiment of 
the present Invention. 

In FIG. 10, a themioplastic nail or rivet with 
an enlarged head on one end and a sharpened 
point on the other end has been driven through the 
heated portion of an upper thermoplastic sheet, 
and through a preformed aperture In a lower metal- 
lic sheet. 

In FIG. 11, the sharpened lower end of the 
nail of FIG. 10 has been heated and formed into an 
enlarged head adjacent the lower sheet of metallic 
material. 


PQ^^^'Qd Description Of The Preferred Embod i- 
ments 

Referring now to FIGS. 1-5, the preferred meth- 
od of joining thermoplastic articles in accordance 
with the present invention will be described. 

In RG. 1. a first sheet of fiber reinforced ther- 
moplastic material 10 has been laid upon a second 
sheet 12 which can be thermoplastic or another 
material such as metal. The sheets 10 and 12 may 
be generally referred to as first and second arti- 
cles. Ah interface 11 Is defined where sheet 10 
engages sheet 12. 

If desired, each of the sheets such as sheet 10 


may include a thermoplastic matrix 14 with a plu- 
rality of reinforcing fibers such as 16 and 18 held in 
. the matrix 14. The fibers 16 and 18 may comprise 
a woven sheet of fabric-type reinforcing material. 
5 Alternatively, the fibers could be in the form of a 
random mat with relatively long fibers lying sub- 
stantially flat in the plane of the sheet 10 in an 
otherwise random orientation. 

As is apparent in FIG. 1. the reinforcing fibers 
10 16 and 18 lie substantially parallel to the plane of 
the sheet 10. For purposes of ease of illustration of 
other features of the invention, the reinforcing fi- 
bers such as 16 and 18 of the layers 10 and 12 
Illustrated in FIG. 1 have not been illustrated In the 
IS remaining figures. 

FIG. 2 illustrates the step of heating portions 20 
and 22 of the first and second sheets 10 and 12 
adjacent the interface 11. This is preferably accom- 
plished by placing a heating element 24 of an 
20 Ultrasonic heating gun 26 against an upper surface 
28 of the upper thermoplastic sheet 10 to heat only 
a small area thereunder. The heating element 24 is 
held in place against sheet 10 for a sufficient time 
to heat portions 20 and 22, and then the heating 
25 element 24 Is removed. 

The heating of portions 20 and 22 may gen- 
erally be described as heating the portions 20 and 
22 sufficiently to soften them. If the particular ma- 
terial involved has a distinct melting point, it may 
30 be prefen-ed, although not necessary, to heat that 
material to a temperature above its melting point. 

Then as shown in RG. 3, a length of thermo- 
plastic fastener material 30, preferably having a 
sharpened lower end 32, is driven or positioned 
35 through the heated portions 20 and 22 of first and 
second articles 10 and 12. If one of the sheets, 
such as sheet 12. is metal or other non-plastic 
material, it may be necessary to form a hole in 
sheet 12 through which the fastener material 30 
<o can be received; see, for example, the alternative 
embodiment of FIGS. 10 and 11 discussed below. 

As illustrated in FIG. 3, the length of fastener 
material 30 is constructed from a thermoplastic 
matrix 34 having a plurality of substantially parallel 
^5 reinforcing filaments 36 therein oriented parallel to 
the length of the fastener material 30 and continu- 
ous for the length of the fastener.. It is preferable, 
but not necessary, that the thennoplastic matrix 34 
of fastener material 30 be constructed of the same 
so type of thennoplastic material as the sheets 10 and 
12. It is noted that even when sheets 10 and 12 
and fastener 34 use the same type of thermoplastic 
material, ej^, polyphenylene sulfide, there may be 
some variation in properties due to different for- 
55 ming processes to which the sheets and fastener 
material have been subjected. 

As best seen in FIG. 6, which is a plan sec- 
tioned view taken along line 6-6 of FIG. 3. the 
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length of materiaf 30 is preferably cylindrical in 
shape and has a cross-sectional area slightly small- 
er than the heated areas 20 and 22. 

As shown in FIG. 4, when utilizing the length of 
fastener material 30, the material 30 is then cut or 
otherwise severed on a side of the first and second 
sheets 10 and 12 opposite the sharpened end 32 
to thus define a second end 38 of a severed 
fastener 40 extending through the first and second 
sheets 10 and 12. The fastener 40 can generally 
be referred to as a nail or rivet 40. 

It is possible to terminate the process at this 
point allowing the heated portions 20 and 22 of the 
first and second articles to cool thereby securing 
the nail 40 in place as shown in FIG. 4. Due to the 
semi-nfiolten state of the heated portions 20 and 22 
when the nail 40 is first driven therethrough, an 
outer surface 42 of nail 40 will also be softened for 
a time so that upon cooling, the nail 40 is secured 
• to thH thermoplastic matrix material of sheets 10 
and 12. 

Particularly it the heated portions 20 and 22 
have been heated to above the melting point of the 
thermoplastic matrix material of sheets 10 and 12, 
the outer surface 42 of nail 40 will generally also 
be melted so that there is actual fusion of the outer 
surface 42 of nail 40 to the thermoplastic matrix 
material of sheets 10 and 12. 

It may thus be desirable In some instances that 
the piadtio matrix 34 of the fastener material 30 
have a lower melting or softening point than the 
material forming the matrix of the sheets 10 and 
12. Also, it may be desirable to provide the fas- 
tener materia) 30 with a roughened outer surface 
for additional holding strength. The cooling can be 
accomplished reaso nably quickly by allowing the 
sheets 10 and 12 to cool under ambient atmo- 
spheric conditions. 

Although in many applications, the strength of 
the connection of sheets 10 and 12 provided by 
the nail 40 as shown in FIG. 4 may be sufficient, 
optionally the sharpened end 30 and second end 
38 of nail 40 can be heated to soften them and 
then the ends 32 and 38 can be postformed to 
form: enlarged rivet heads 44 and 46 which them- 
selves will be fused to the sheets 10 and 12. 
respectively. The enlarged heads 44 and 46 may, 
for example, be formed with uitrasonicaliy heated 
head-forming dies 48 and 50 seen In FIG. 5. The 
heating dies 48 and 50 are engaged with the ends 
38 and 32 of nail 40 of F)Q. 4 and pressure and 
heat are applied thereto to soften the ends 38 and 
32 and then deform them to the shape shown in 
RQ, 5. Then the heating dies 48 and 50 are 
removed. 

It will be appreciated that the process de- 
scribed above is readily adapted to an automated 
procedure for placing a plurality of fasteners like 


the fastener 40 through the sheets 10 and 12. 

In one embodiment, the length of thermoplastic 
fastener material 30 would have its lower end 
which was severed from the fastener 40 reshar- 
5 pened, and then the ultrasonic heating device 26 
would be moved to locally heat another area of the 
sheets 1 0 and 1 2 and the fastening process will be 
repeated. 

The lower end of the length of fastener material 

TO 30 may be mechanically sharpened with a device 
such as a pencil sharpener or a rotary grinder. 

The present invention has particulariy been de- 
veloped for use with very high strength, high tem- 
perature composite materials such as those con- 
. 75 * structed from a matrix of polymer material from the 
polyarylene sulfide family. Polyarylene sulfides are 
a family of aromatic sulfide polymers having the 
general formula (AR-X-AR-S) The aromatic unit 
may be a mono or polycyclic moiety and X may be 

20 ' selected from at least one of the groups O, S, SOz, 
CO, OCO, NCHO, etc. In general, these polymers 
are noted for^their excellent chemical resistance, 
good thermal sitability and physical strength. 

The simplest member of the polyarylene sul- 

25 fide family, which was utilized for the examples set 
forth below, is polyphenylene sulfide which con- 
sists of a polymer backbone of alternating distrib- 
uted , aromatic rings and divalent sulphur atoms. 
Polyphenylene sulfide is a commercial engineering 

30 thermoplastic resin that is semi-crystalline in nature 
with a glass transition temperature of 85°C. and a 
crystalline melting point of 285 *'C. 

The thermoplastic fastener 40 Is preferably a 
carbon fiber or glass fiber reinforced pultruded 

35 member formed by pulling continuous tows of car- 
bon fibers or glass fibers impregnated with pow- 
dered polyphenylene sulfide through a heated 
shaping die to consolidate the thermoplastic ma- 
terial and form the polyphenylene sulfide matrix 34 

40 surrounding the carbon fiber reinforcing filaments 
36. Preferably, the fastener material 30 has. a car- 
bon fiber content in a range of about 50 to about 
75 weight percent. The individual fibers of the tows 
or filaments 36 will generally be continuous for the 

45 length of the fastener material 30, which may be 
many inches long. Methods of manufacturing fiber 
reinforced thermoplastic rods and other such struc- 
tures are described in detail in pending U. S. 
Patent Application Serial No. 584,418 filed March 6, 

60 1984. of James E. O'Connor, and assigned to the 
assignee of the present invention, the details of 
which are incorporated herein by reference. 

Another member of the polyarylene sulfide 
family which is preferred for use with the present 

55 invention is polyphenylene sulfide sulfone, Poly- 
phenylene sulfide sulfone can be produced in the 
manner described in U. S. Patent No. 4,301 ,274 to 
Campbell, assigned to the assignee of the present 
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invention. This is an annorphous material which 
does not have a distinct crystalline melting point. 
When the first and second articles 10 and 12 are 
constructed of polyphenyiene sulfide sulfone, they 
are heated to a point sufficient to soften them so 
that the nail 40 can be driven therethrough. Prefer- 
ably, polyphenyiene sulfide sulfone sheets 10 and 
12 would have the areas 20 and 22 heated to a 
temperature in the range of about 320 'C.- to about 
370»C. 


Example No. 1 

Rrst and second sheets 10 and 12 of stamped 
glass fiber reinforced polyphenyiene sulfide ma- 
terial having a thickness of approximately 0.065 
inch were placed adjacent each other as illustrated 
in FIG. 1. A pultruded carbon fiber reinforced poly- 
phenyiene sulfide rod having a diameter of 1/4 inch 
was sharpened to a point at one end. Localized 
areas 20 and 22 having a diameter of approxi- 
mately 3/8 Inch were heated with an ultrasonic 
heating device until they were in a semi-molten 
softened state. The areas 20 and 22 were heated 
to a temperature In the range of about 300 •C. to 
about 350*^0. The heating device was then re- 
moved and the sharpened rod was driven through 
the heated areas 20 and 22 with a hammer. Upon 
cooling of the sheets 10 and 12. It was observed 
that the nail 40 was locked In place due to thermo- 
plastic melting an^" resolidifying^ U., fusIonTat the 
contact " of buteF surface 42"of "nail 'So^^'^w^^^^^^ 
sheets '10 and 12.'/ '^ 


Example No. 2 

A 1/4-inch diameter carbon fiber reinforced pul- 
truded polyphenyiene sulfide rod like that de- 
scribed in Example No. 1 was sharpened to a 
point. An ultrasonic gun was used to locally heat an 
approximately 3/8-inch diameter area of a glass 
fiber reinforced polyphenyiene sulfide composite 
sheet approximately 0.250 inch thick until it was 
softened. The sheet was heated to a temperature in 
the range of about 300 ^C. to 350 Upon removal 
of the ultrasonic heating device, this sharpened rod 
was driven through the heated area with a hammer 
and then cut off approximately 1/4-inch above the 
surface of the sheet The ultrasonic device was 
then used to melt the polyphenyiene sulfide matrix 
in the protruding stub and the stub was then flat- 
tened and flared to make a circular head larger in 
diameter than the body of the rod. The same 
heating and flattening process was then carried out 
on the sharpened point protruding from the op- 
posite side of the sheet. The rivet was fused to the 


sheet du e to the thermoplastic melting and re- 
solidifying of the cylindrical contacting surfaces of 
the rod and sheet. Additionally, the enlarged, heads 
were fused to the upper and Jovyerrsur^^^^ 
5 sheet 


Alternative Embodiments of FIGS. 7 And 8 

70 Alternatively, as illustrated in FIGS. 7 and 8, 

the fiber reinforced fastener material may be pro- 
vided in the form of prefabricated nails or rivets 52 
. having a prefonned enlarged diameter head 54 
defined on one end thereof with a sharpened point 
75 56 defined on the other end thereof. 

Portions 20 and 22 of the sheets 10 and 12 are 
ultrasonically heated as previously described with 
regard to FIG. 2, and then the prefabricated fiber 
reinforced thermoplastic composite nail 52 is driven 
20 downward through the heated portions 20 and 22 
as illustrated In FIG. 7 until the preformed head 54 
abuts the upper surface 28 of sheet 10. 

As previously described, an ou ter surface 58 of 
nail 52 will be fused to the sheet s 10 and -12 at its 
25 surfaces of contact with the sheets 10 and 12 
within the heated areas 20 and 22. 

Subsequently, the sharpened lower end 58 of 
nail 52 can be heated to soften..it and then it can 
be deformed in a "manner Hke that previously de- 
30 scribed with regard to FIG. 5 to postform an en- 

^® end tiiereof as Tll^^^^^^ 

trafe'd In FIG. 8. The postfonned enlarged head 60 
_wili be fused to lower surface 62 of sheet 12. 

35 

Alternative Embodiment Of FIG. 9 

Another alternative embodiment of the present 
invention is illustrated in FIG. 9 wherein a sing le 

^ sheeLlO of thennoplastic material has been at- 
tached to a non-mermoplas^^^^ underlying substrate 
64, which rhay;ior"e^^^ be a wooden sub- 
strate, with a thermoplastic nail 52 like that pre- 
viously described with regard to FIG. 7. 

45 The thermoplastic sheet 1 0 is placed against 

the substrate 64 and the portion 20 is heated with 
an ultrasonic device such as'pTevFou^^ 
with reference to FIG. 2. 

Then the thermoplastic nail 52 having the 

50 preformed head 54 thereon like previously de- 
scribed with regard to FIG. 7 has its sharpened end 
66 driven through the heated portion 20 of sheet 10 
and into the underiying wooden substrate 64. Upon 
cooling of the heated portion 20. the thermoplastic 

55 article 10 is locked ^ nail 52 by fusion thereof 
vvifIT the surface 58 of naii ' sirXddTtionally. the 
enlarged head 54 of nail 52 mechanically holds the 
sheet 10 In place. 
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it will be appreciated tiiat with this alternative 
embodiment, a nail such as the nail 40 without a 
preformed head thereon can be utilized and can 
satisfactorily attach the sheet 10 to the underlying 
substrate 64 even without the pre or postformation 
of an enlarged head on the nail 40, simply by the 
locking mechanism provided by fusion of surface 
42 of the nail 40 with the heated area 20 of sheet 
10, 


Alternative Embodiment Of FiQS. 10 And 11 

-One particular situation in which the present 
invention is useful is for joining a thermoplastic 
sheet to a metal sheet, such as aluminum or 
titanium, in an aircraft frame or similar application. 

In FIG. 10, a thermoplastic first sheet 10 has 
been laid upon a metal second sheet 70 having an 
aperture 72 formed therethrough. Then* the thermo- 
plastic sheet 10 has had the small portion 20 
heated with an ultrasonic device such as previously 
described with reference to FIQ. 2. 

Then the thermoplastic nail having the prefor- 
med head 64 thereon like previously described 
with regard to FIG. 7 has its sharpened end 56 
driven through the heated portion 20 of sheet 10 
and through the aperture 72 of metallic sheet 70. 
Upon cooling of the heated portion 20, the thermo- 
plastic sheet 10 is locked to the nail 52 by fusion 
thereof with the surface 58 of nail 52. 

The enlarged head 60 is then formed on the 
sharpened end of the nail 52 to hold the metallic 
. sheet 70 in place against the thermoplastic sheet 
10. Head 60 may be formed with the ultrasonically 
heated head forming die 50 of Flfa. 5. 

While all of the various embodiments of the 
invention discussed above have illustrated and dis- 
cussed a solid thermoplastic sheet 10 which has a 
solid heated portion 20 through which the shar- 
pened fastener is driven, it is also within the scope 
of the present invention to provide a preformed 
aperture (not shown) in the thermoplastic sheet 10 
to function as a pilot hole. If is still contemplated 
that the thermoplastic sheet 10 would have the 
portion 20 thereof heated around the preformed 
pilot hole prior to driving or otherwise positioning 
the thermoplastic fastener through the pilot hole of 
the sheet 10. 

Also, in the various embodiments discussed 
above, the fastener has been described in all in- 
stances as having a sharpened end that is driven 
through the thermoplastic sheets. It is within th^ 
scope of the present invention, however, to drive a 
non-sharpened end of the thermoplastic fastener 
through a heated portion of a thermoplastic sheet. 
It will be appreciated that sharpness is a question 
of degree, and the greater the extent to which the 
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thermoplastic sheet has been softened by preheat- 
ing, the less sharp the fastener needs to be before 
it can be driven through the softened thermoplastic 
sheet. 

Thus it is seen that the articles and methods of 
the present invention readily achieve the ends and 
advantages mentioned as well as those inherent 
therein. 


Claims 

1 . A fastener, comprising: 

a plurality of substantially parallel reinforcing 
filaments in a matrix of thermoplastic material de- 
fining an elongated shape having a first end and a 
second end and a longitudinal axis extending be- 
tween the first end and the second end. said sub- 
stantially parallel reinforcing filaments being sub- 
stantially parallel to said longitudinal axis, and said 
fastener being provided with a point at the first end. 

2. The fastener of claim 1 , wherein: 

said thermoplastic miaterial comprises a 
polyarylene sulfide material. 

3 The fastener of claim 2. wherein: 
said reinforcing filaments are continuous tows 
of carbon fibers, and said fastener has a carbon 
fiber content in a range of about 50 to 75 weight 
percent. 

4. The fastener of claim 2, wherein: 

said reinforcing filaments are continuous tows 
of glass fibers, and said fastener has a glass fiber 
content in a range of about 50 to 75 weight per- 
cent. 

5. The fastener of claim 1, having a preformed 
enlarged head on a second end thereof. 

6. A structure, comprising: 

a first substantially planar sheet including a 
thermoplastic matrix with a plurality of reinforcing 
fibers held in said matrix, said fibers lying substan- 
tially flat in said sheet; 

a second substantially planar sheet at least 
partly overlying and contacting said first sheet; and 
a rivet including a plurality of substantially 
parallel reinforcing filaments in a thermoplastic ma- 
trix, said filaments of said rivet being substantially 
parallel to a length of said rivet, said rivet penetrat- 
ing through said first sheet and said second sheet 
with its length oriented substantially perpendicular 
to the plane of said sheets, and said rivet having a 
first enlarged end contacting the first sheet and a 
second enlarged end contacting the second sheet. 

7. The structure of claim 6. wherein the ther- 
moplastic matrix of said first sheet and the thermo- 
plastic matrix of said rivet comprises a polyarylene 
sulfide material. 
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8. The structure of claim 7, wherein said par- 
allel reinforcing filaments of said rivet are continu- 
ous tows of carbon fibers, and said riv t has a 
carbon fiber content in a range of about 50 to 75 
weight percent. 

9. The structure of claim 7, wherein said par- 
allel reinforcing filaments of said rivet are continu- 
ous tows of glass fibers, and said rivet has a glass 
fiber content in a range of about 50 to 75 weight 
percent. 

10. The structure of claim 6, wherein: 

said second sheet also includes a thermoplas- 
tic matrix with a plurality of reinforcing fibers held 
in said matrix, said fibers lying substantially flat in 
said second sheet. 

11. The structure of claim 10, wherein: 

said first enlarged end and said second 
enlarged end are fused to said first sheet and said 
second sheet, respectively. 

12. A method of joining thermoplastic articles, 
said method comprising the steps of: 

(a) placing a first thermoplastic article 
against a second thermoplastic article thereby de- 
fining an interface between said first thermoplastic 
article and said second thermoplastic article; 

(b) heating adjacent portions of said first 
thermoplastic article and said second thermoplastic 
article bordering the Interface; 

(c) positioning a portion of a fastener having 
a first end and a second end in the heated portions 
of said first thermoplastic article and said second 
thermoplastic article, said 'fastener extending 
across the interface; and 

(d) cooling the heated portions of said first 
thermoplastic article and said second thermoplastic 
article to secure said fastener to said first thermo- 
plastic article and said second thermoplastic article. 

13. The method of claim 12, wherein: 

step (c) is further characterized in that said 
themnoplastic fastener comprises a fiber reinforced 
pultruded thermoplastic nail having a sharpened 
first end, and said themioplastic nail is driven 
through the heated portions of. said first thenno- 
plastic article and said second themnoplastic article. 

14. The method of claim 13. wherein: 

said thermoplastic nail comprises a 
poiyarylene sulfide material. 

15. The method of claim 14, wherein: 

said thermoplastic nail is reinforced by 
substantially parallel carbon fibers, such that the 
nail has a carbon fiber content in a range of about 
50 to 75 weight percent or wherein: 

said thermoplastic nail is reinforced by 
substantially parallel glass fibers, such that the nail 
has a glass fiber content in a range of about 50 to 
75 weight percent. 


16. The method of claim 15, wherein: 
said first thenmoplastic article and said second 
thermoplastic article comprise a poiyarylene sulfide 
material. 

5 17. The method of claim 16, wherein: 

• said poiyarylene sulfide material of said first 
thermoplastic article and said second thermoplastic 
article and of said nail comprises polyphenylene 
sulfide; and 

10 step (b) is further characterized as heating said 

adjacent portions to a temperature sufficient to 
soften said adjacent portions, "in particular to a 
temperature in a range of about 300*^0 to about 
350 *»C, preferably in a range of about 320 *C to 

76 about 370 "C. 

18. The method of claim 12. wherein: 

step (b) is further characterized as ul- 
trasonically heating said portions. 

19. The method of claim 12, wherein: 

20 step (c) is further characterized in that said 

fastener is elongated and has a transverse cross- 
sectional area; and 

step (b) is further characterized as locally 
heating relatively small adjacent portions larger 

25 than the transverse cross-sectional area of said 
fastener. 

20. The method of claim 23 wherein step (b) 
includes the steps of: 

contacting at least one of said portions with an 
30 ultrasonic heating device to heat said portions; and 
then removing said heating device. 

21. The method of claim 12. wherein: 

step (d) is further characterized as cooling said 
heated portions under substantially ambient atmo- 
3S spheric conditions. 

22- The method of claim 12. wherein: 

step (c) is further characterized in that said 
fastener comprises a thermoplastic materiaP and 
said fastener is positioned so that at least a first 
40 end portion thereof having said first end defined 
thereon protrudes from a surface of the first ther- 
moplastic article; and 

said method further comprises the step of: 
(e) after step (c). heating said first end portion 
45 of said fastener Sufficiently to soften the first end 
portion of said fastener and then postforming the 
softened first end portion into an enlarged head, in 
particular wherein said enlarged head is fused' to 
said first thermoplastic article. 
50 23. The method of claim 22, wherein: 

step (c) is further characterized in that said 
fastener Is positioned so that a second end portion 
thereof having said second end defined thereon 
protrudes fi-om a surface of said second thenno- 
55 plastic article; and 

said method further comprises the step of: 

(f) after step (c). severing a first part of the 
second end portion from said fastener to define a 
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second part of the second end portion protruding 
from the surface of the second thermoplastic arti- 
cle, then heating said second part of the second 
end portion of said fastener sufficiently to soften 
the second part of the second end portion, and 
then postforming the second part of the second 
end portion into a second enlarged head. 

24. The method of ciaim 22. wherein: 

step (c) is further characterized m that said 
fastener is positioned so that a second end portion 
thereof protrudes from a surface of the second 
thermopfastic article, said second end portion hav- 
ing a preformed enlarged head thereon defining 
said second end of said fastener. 

25. The method of claim 12, wherein: 

said fastener and said articles comprise the 
same type of thermoplastic material; 

step (b) is further characterized in that said 
adjacent portions are heated to at least a softening 
temperature of said thermoplastic material; and 

step (d) is further characterized in that said 
fastener is fused to said first thermoplastic article 
and said second thermoplastic article. 

26. A method of joining articles, said method 
comprising the steps of: 

(a) placing a first artible against a second 

article; 

(b) providing a length of thermoplastic fas- 
tener material having a sharpened end; 

(c) driving the sharpened end of said length 
of fastener material through said first article and 
said second article so that the fastener material 
connects the first article with the second article; 

(d) severing said length of fastener material 
on a side of said first article and said second article 
opposite said sharpened end, to thus define a 
second end of a severed rivet extending through 
said first article and said second article; 

(e) after step (d), heating said sharpened 
end and said second end of said severed rivet to 
soften the ends of the severed rivet and then 
forming enlarged heads on both ends thereof; and 

(f) repeating steps (b)-(e) as necessary with 
the same or a .different length of thermoplastic 
material to provide a plurality of thermoplastic riv- 
ets joining said first article and said second article. 

27. The method of claim 26, wherein: 

said length of fastener material comprises a 
plurality of substantially parallel reinforcing fibers in 
a matrix of thermoplastic material, said thermoplas- 
tic material preferably comprising a polyarylene 
sulfide material. 

28. The method of claim 26,wherein: 

step (a) Is further characterized in that said 
first article is a thermoplastic first article, and said 
second article is a thermoplastic second article. 


29. The method of Claim 24. further comprising 
the step of: 

(g) prior to step (c), heating adjacent areas of 
said first thermoplastic article and said second 
5 thermoplastic article; and wherein 

step (c) is further characterized as driving said 
sharpened end through said heated portions of said 
first thermoplastic article and said second thermo- 
plastic article; and 
70 step (f) Is further characterized as repeating 

step (g) and steps (b)-(e). 

30. The method. of claim 29, wherein: 

step (g). is further characterized as locally 
heating relatively small adjacent portions larger in 
75 cross-sectional area than a transverse cross-sec- 
tional area of said length of fastener material, 

in particular wherein step (g) includes steps of: 
contacting at least one of said portions with an 
ultrasonic heating device to heat said portions; and 
20 then removing said heating device. 

31. A method of attaching a thermoplastic arti- 
cle to a substrate, said method comprising the 
steps of: 

(a) placing said thermoplastic article against 
25 said substrate; 

(b) heating a localized portion of the thermo- 
plastic article; 

(c) positioning a thermoplastic fastener 
through said heated portion of said thermoplastic 

30 article and into said substrate; and 

(d) cooling said heated portion thereby se- 
curing said thermoplastic article to said fastener 
and thus to said substrate. 

32. The method of claim 31, wherein: 

35 Step (c) is further characterized in that said 

thermoplastic article has a sharpened end, and said 
positioning step comprises driving said sharpened 
end of said thermopiastrc fastener through said 
heated portion of said thermoplastic article and into 

40 said substrate. 

33. The method of claim 31 , wherein: 

step (c) is further characterized in that said 
thermoplastic fastener has a longitudinal axis and 
includes a plurality of substantially parallel reinforc- 
45 ing filaments, substantially parallel to said longitudi- 
nal axis, in a matrix of thermoplastic material, 

in particular wherein step (c) is further 
characterized in that said fastener has a point on a 
first end thereof and a preformed enlarged head on 
50 a second end thereof. 

34. The method of claim 31, said thermoplastic 
article being a thermoplastic first sheet and said 
substrate being a second sheet, wherein: 

step (c) is further characterized as positioning 
55 said thermoplastic fastener through said heated 
portion of said thermoplastic first sheet and through 
said second sheet. 

in particular wherein said second sheet is a 
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thermoplastic second sheet, and step (b) is further 
cHaracterlzed as heating said localized portion of 
the thermoplastic first sheet and a portion of the 
thermoplastic second sheet. 
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